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Manipulation of Manipulation of EndophyticEndophytic Bacteria for Bacteria for 
Symbiotic Control of Symbiotic Control of XylellaXylella fastidiosafastidiosa, , 

Causal Agent of Citrus Variegated Causal Agent of Citrus Variegated ChlorosisChlorosis

Citrus Variegated Chlorosis (CVC)Citrus Variegated Chlorosis (CVC)

Bacterium 
Xylella fastidiosa

Yield 
reduction 
and plant 
death

Colonize the 
xylem vessels, 
forms biofilms

Brazil loses about US$ 200 million per 
year to CVC !!!
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Disease Symptoms

Health 
Fruit

CVC 
Fruit

Bucephalogonia xanthophisAcrogonia citrina

Dilobopterus costalimai Oncometopia facialis

Insect Vectors of X. fastidiosa (CVC)
Sharpshooter leafhoppers (Homoptera, Cicadellidae, subfamily 

Cicadellinae)
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Removing 
symptomatic plants

Seedling certification

Vector control

Survive with  
CVC

SURVIVAL TRIANGLE 

Endophytic MicroorganismsEndophytic Microorganisms

Hallmann et al. (1997): microorganisms that can be isolated 
from surface desinfected plant tissues and do not induce 
any visible harm to them

Definition

Azevedo et al. (2000): microorganisms inhabit inside plant 
tissues without neither causing disease to the host 
nor producing visible external structures.
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Host plant 

Microorganisms stock center

Epiphytic microorganisms

Endophytic microorganisms

Endophytes colonize ecological
niches similar to those 
colonized by phytopathogens

Application of endophytic 
microorganisms

Biological control of plant pathogens

• Antimicrobial compounds

• Inducing systemic resistance
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How endophytes could be used as 
biological control agents of CVC 

Select endophytic bacteria to be used in biological 
control of CVC

Develop a model system to study the interaction 
between endophytic bacteria and X. fastidiosa

CVC control depends on the localization of the 
endophytic bacteria close to X. fastidiosa niche
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• Previous Endophytes Study in Citrus Leaves   
(Araújo et al. 2001)

- Pantoea  agglomerans
- Bacillus pumilus 

• Endophytes in Citrus Stems (Araújo et al. 2002)

- Methylobacterium spp.
- Curtobacterium flaccumfaciens
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Isolation of culturable endophytic bacteria

Incidence of the main endophytes isolated from branches of sweet orange and 
tangerine plants

Methylobacterium

Curtobacterium

CONCLUSION (CONCLUSION (LacavaLacava et al , 2004):et al , 2004):

• X. fastidiosa may colonize CVC-asymptomatic plants without inducing 
symptoms of CVC;

• Methylobacterium spp. were only isolated from branches and mainly 
from CVC-symptomatic;

• C. flaccumfaciens inhibited in vitro X. fastidiosa. The CVC symptoms 
could be reduced by a high population of this endophytic bacterium.
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Symbiotic ControlSymbiotic Control

Relies on the use of symbionts (transformed or not)
to reduce vector competence;

Pioneered by Frank Richards at Yale University;

Trial to suppress Chagas disease through paratransgenesis;

Paratransgenesis:
* Genetic modification of symbiotic bacteria
to make the host less competent in transmitting a 
pathogen.

1- Identify and isolate symbiont

2. Transform symbiont. 3. Reintroduce GM symbiont

Paratransgenesis: The Chagas Disease Case

R. prolixus

Rhodococcus
rhodnii

GM R. rhodnii

Source: slide from J.L. Ramirez
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Requirements for a successful paratransgenic approach:

Symbiotic Control Symbiotic Control 

Beard et al, 2001

1- Symbiont selection
* Commensal or mutualistic relationship.
* Contact symbiont-pathogen;

2- Symbiont culturable and amenable for GM;

3- Uncompromised GM symbiont fitness;

4- Methods for reintroduction and spread of the GM 
symbiont.
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Strategies of control of CVC using Strategies of control of CVC using endophytesendophytes

Curtobacterium inhibit in vitro
Xf (Lacava et al, 2004)

Tested in model plant in 
greenhouse (Lacava et al, 2007)

Next step: test in the field 
in citrus plants

Classic Biocontrol Symbiotic Control

Curtobacterium
(endophytic bacteria from citrus)

Methylobacterium
(endophytic bacteria from citrus)

Methylobacterium can colonize 
plant tissue and sharpshooter 
(Andreote et al, 2006 and Gai, 2006)

Transformation of 
Methylobacterium (GFP)

Next step: production of 
anti-Xylella effectors

Poster # 56
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Interaction between C. flaccunfaciens (endophytic bacteria) and X. fastidiosa inside of host 
plant (C. roseus). Different letters on bars show statistic difference by Tukey’s test at 5% of 
significance
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PW: media; Csp: C. flaccunfaciens; Xf: X. fastidiosa; Xf/Csp: X. fastidiosa and C. flaccunfaciens
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PW: media; Csp: C. flaccunfaciens; Xf: X. fastidiosa; Xf/Csp: X. fastidiosa and C. flaccunfaciens

Interaction between C. flaccunfaciens (endophytic bacteria) and X. fastidiosa inside of host 
plant (C. roseus). Different letters on bars show statistic difference by Tukey’s test at 5% of 
significance

RESULTS:RESULTS:
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RESULTS:RESULTS:

RESULTS:RESULTS:
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• The results reinforce the idea  suggested by Araújo et al. 2002 and Lacava et al. 
2004 that this endophytic bacterium, that colonizes a niche similar to that of X. 
fastidiosa, could contribute to the reduction of the symptoms of CVC in the field.

CONCLUSIONS:

Poster # 58
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RESULTS:RESULTS:

RESULTS:RESULTS:
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RESULTS:RESULTS:

RESULTS:RESULTS:
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RESULTS:RESULTS:

• This is the first report of genetic manipulation of endophytic M. mesophilicum
isolated from citrus plants;

• In vitro the pCM88 plasmid was stably maintained in SRGFP strain for at least 20 
generations of cells growing in medium without antibiotic;

• SRGFP strain was stable after the bacteria colonized of plant and insect tissues, 
therefore representing an important tool to assess both the establishment of the 
inoculated strain in host plant and the transmission by vector;

• As showed in this study, the transgenic endophytic M. mesophilicum has most of 
the prerequisites for a successful strategy using paratransgenesis (symbiotic 
control); 

• M. mesophilicum that colonize citrus plants (Araújo et al. 2002; Lacava et al. 
2004) and B. xanthophis is amenable to isolation, culture and transformation with 
foreign genes. 

Suggestions and Conclusions:
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• The use of isolation and DGGE techniques revealed several genera of bacteria as 
colonizers of GWSS heads. As identified by 16S sequencing, these included, 
Methylobacterium extorquens and Curtobacterium flaccumfaciens;

• Candidate endophytes for use in SC must occupy the xylem of host plants and 
attach to the pre-cibarium and cibarium of sharpshooter insects in order to have 
access to the pathogen;

• Species such as Curtobacterium flaccumfaciens and Methylobacterium spp., 
found in part of the bacterial community in GWSS, could be investigated as 
potential candidates for use in an SC-based strategy to control the spread of 
PD.
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